Abstract: Recent study claimed that forward osmosis (FO) process could handle the fouling problem due it driven force based on natural osmotic pressure. However, researchers observed that FO membrane had problem with reverse solute diffusion (RSD) of draw solution. Therefore, FO membrane properties must be improved either physically or chemically in order to overcome this problem. Among all, surface modification approach has been acknowledged as a best technique to alter the membrane properties without significantly change the bulk membrane properties. In this study, polyelectrolyte FO membrane has been produced through Layer by Layer (LbL) deposition method by using Poly (diallyl-dimethylammoniumchloride), PDADMAC and Poly (sodium 4-styrenesulfonate), PSS as an active monomers. Humic acid (HA) as part of Natural Organic Matter constituents was used as the feed solution and NaCl as a draw solution. The chemical structure and morphology of the FO membrane were characterized by FTIR and FESEM, respectively. From this study, the highest water flux and humic acid rejection were achieved at 2.5M of draw solution with value of 2.56 L/m².h and 99%, respectively. In general, the water flux increases as the concentration of draw solutions were increased. However, it was observed that reverse salt diffusion (RSD) become worse at higher concentration of draw solution.
Introduction
In forward osmosis (FO) membrane, the process utilizes an osmotic pressure gradient to extract water across a semi-permeable membrane from lower osmotic pressure of a feed solution to a draw solution. Due to this concentration gradient, FO does not require an external pressure and it is believed to deliver a lower fouling potential when the membrane active rejection layer having a contact with the foulantcontaining feed solution. In recent years, FO has been widely implemented in various sectors including desalination 1, 2, 3 , wastewater treatment 4 and even in the food processing 3 .Not only that, research advances for the development high performance FO membrane has received much attention lately. According to Archilli et al., 5 FO tend to have low fouling despite the complicated mechanism involved. FO process normally depends on the properties of draw solution, membrane properties and other parameters. Membrane properties become one of the interesting subjects among researchers. Surface modifications seem to be the easy way to change the membrane properties without changing the overall membrane bulk properties. One of the surface modification methods is by Layer-by-Layer (LbL) approach. Ng. et al., 6 have developed polyelectrolyte nanofiltration (NF) membrane by LbL approach and it was found that the membrane exhibited excellent performance towards desalination process. To the best of our knowledge, no one has applied LbL approach in FO membrane development for natural organic matter (NOM; i.e. humic acid) removal. The objective of the paper is to develop FO membrane by LbL method and investigate its performance towards humic acid removal and reverse solute diffusion.
Materials and Methods

Chemicals
NaCl (Fisherci, 95% purity) solutions with different concentrations (0.5M-2.5 M) were selected as draw solution. Diluted humic acid (HA) (Fluka) solution with concentration of 15 mg/L is used as the feed solution. Poly (diallyl-dimethylammoniumchloride) (PDADMAC, M w =100 000, 35 wt.% in H 2 O and Polysodium-4-styrenesulfoate (PSS, M w =70000,30 wt.% in H 2 O) were obtained from Sigma Aldrich which used as the respective polycation and polyanion for LbL assembly.
immersed in PDADMAC (polycation solution) for 15 min. Then, it was taken out and rinsed with deionized water for 3min. Then followed by immersing in PSS solution for another 15 min. After that, the membrane was rinsed with ultra-pure water for 3min. This step will give a complete one bilayer of self-assembly membrane. This complete step was repeated similarly until the 5 bilayers were achieved.
Forward osmosis (FO) experiment
The 15 mg/L of humic acid solution and the sodium chloride (NaCl) in the range of 0.5-2.5M concentration solution were used as feed and draw solution, respectively. The feed solution containing humic acid solution is placed on the electric balance to record the mass changes in time interval of 5 minutes for 1 hour. All the measurements were taken at room temperature and atmospheric pressure. The water flux, J w for each draw solution concentration is measured by following equation:
Where V is the volume of collected permeates, A is an effective area of the membrane and ∆t is time taken for complete FO experiment.
For humic acid rejection (R), the color absorption of both draw and feed solution were analyzed at 256nm wavelength by using UV-vis spectrometer. Then, the humic acid concentration could be obtained from the standard curve.
C a and C b is the concentration of humic acid in the draw solution and the feed solution, respectively.
For reverse salt diffusion (RSD) determination, the above procedure was repeated with the same range of draw solution concentrations but now pure water was used as feed replacing the humic acid. The reverse salt diffusion J s was determined from the feed conductivity changes over the predetermined time (1 hour) by using the following equation:
A×∆t where, C t is NaCl concentration in feed solution and V t is the volume at the end of FO test, ∆ is time taken in hours and A is the effective area of the membrane.
Results and Discussion
Membrane characterization Change in chemical structure during the modification process was confirmed by FTIR. Figure 1 shows the FTIR spectrum for both unmodified and modified UF membranes with PSS and PDADMAC. As the chemical reaction progressed, there was additional peak at 1035cm -1 (indicated by the arrow in Figure 1 ) which attributed to both the sulfonate stretching of PSS and the C-N stretching of PDADMAC 7 . This shows that the polyelectrolyte layers of PSS/PDADMAC were succesfully coated on the UF microporous support layer after LbL modification step. A FESEM technique was applied to examine the LbL membrane morphology. Figure 2(a) shows the top surface of membrane where one can see the it has smooth surface. Smooth surface is believed could reduce fouling problem.Higher degree of membrane fouling is normally related to membrane with rougher surfaces especially when the size of the molecules and the relative scale of the roughness are similar 8, 9 .Crosssectional of 5-bilayers PDADMAC/PSS with 280nm thickness is displayed in Figure 2 (b). As observed under FESEM,the new formed layer has denser structure compared to the bottom part. In this research, the top dense layer of polyelectrolyte membrane will face the feed solution whereas the bottom layer contact with draw solution. The dense film on the top surface of modified membrane will determine the performance of the FO membrane in term of water flux, humic acid rejection and reverse salt leakage. Figure 3 shows water flux for polyelectrolyte FO membrane by using two different feed (ultrapure water and humic acid solution). Based on the graph as shown in Figure 4 , in general it can be seen that the trend of water flux increase with the increase of draw solution concentration (i.e. sodium chloride, NaCl). When pure water was used as feed, the highest water flux (3.10 LMH) was achieved when using 2.5M concentration of NaCl while humic acid as feed solution exhibited a lower permeate flux (2.55 LMH) at the same draw solution concentration. It is due to the fact that, the humic acid solute may accumulate at the membrane surface leading to concentration polarization effect, hence generate a lower water flux.
Membrane performance
Furthermore, when the osmotic pressures increase, more water will draw from the feed solution to the draw solution. The difference in concentration between the feed and draw solution also brings significant effect on the water diffusion from the feed solution to draw solution 2 . When the draw solution concentration increase, the difference in concentration between the humic acid solutions and NaCl solution increase. Hence the water flux will also increase. This phenomenon occurs because of the driving force and the difference of osmotic pressure 10 . Figure 4 shows effect of draw solution concentration on humic acid rejection and it was observed that the removal of HA is quite high in the range of 96-99% and the maximum removal was achieved at the highest draw solution concentration (2.5M). This indicate the fabricated polyelectrolyte FO membrane in this study is capable to remove natural organic matter efficiently. Higher draw solution concentration contribute to higher reverse salt flux. This reverse salt flux occurs due to a low molecular weight of NaCl and low viscosity making small solute of NaCl can easily pass through the pores channel along the support layer and the active layer to diffuse into the feed solution. The diffusion of draw solution solute into the feed site is due to the concentration gradient between two sides. The reverse salt flux would decrease the water flux in the FO system as the draw solution is continously losing its solute due to migration of draw solute (NaCl) into the feed site, hence reducing osmotic pressure and indirectly reducing water permeate flux as well. 
Conclusion
Based on the research conducted, polyelectrolyte membrane produced by LbL method improved FO membrane performance with enhancement in water permeability and lower reverse salt diffusion. A high water flux (Jw) was about 3.098L/m2h and very low salt flux (Js) when using 2.5M of NaCl as draw solution and ultra-pure water as feed solution. Moreover, with humic acid as feed solution, water flux of about 2.5571 L/m2h was obtained. Therefore, water flux for ultra-pure water as feed solution was higher than humic acid solution. The humic acid rejection for polyelectrolyte membrane was very high which is almost 100% and it increase with the increasing of the draw solution concentration. In order to improve this research, more parameters such as number of layers, PDADMAC/PSS concentration used for LbL deposition can be done to determine the best parameter to produce a higher efficiency polyelectrolyte FO membrane. 
